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The Action of Carbonate of Ammonia on the Boots of certain 
Plants. By Ciiaui.f.s Darwin, LL.D., F.B.S. 

[Ecnrl Marcli IG, 1882.] 

Many ycar.s ago I observed the fact tliat when the roots of 
Euphorbia Eeplu.t were placed in a solution of carbonate of am- 
monia a cloud of fine granules wa.s deposited iu less than a 
minute, and was seen travelling from the tip up the root from 
cell to cell *. The subject seemed to me worthy of further in- 
vestigation. Plants of the same Euphorbia were therefore dug 
up together with a ball of earth, and having been left for a short 
time in water, the roots were washed clean. Some of the finer 
transparent rootlets were, then examined, and sections were made 
of the thicker roots, generally by my son Francis, who has aided 
me in many ways. AH the cells were found to bo colourless ntid 
desliluto of any solid matter, the laticifcrous ducts being hero 
c.vcludcd from consideration. These roots, after being left for a 
few minutes or for several hours in solutions of different strengths, 
vix. from 1 to 7 parts of the carbonate to 1000 of water, presented 
a wonderfully changed appearance. A solution of onlyl part to 
10,000 of water sufficed in the course of 24 hours to produce the 
same result. In well-developed cases the longitudinal rows of cells 
close to the tip of the root, with the exception of those forming 
the extreme apex, were filled with brown granular matter, and 
were thus rendered opaque. Long-continued immersion in water 
produced no such effect. The granular masses were square in 
outline, like the cells in which they were contained; but they 
often became rounded after a day or tw^o ; and this was apparently 
due to the contraction of the protoplasmic utricle. Above the 
dark-brown cells, which form a transverse zone close to the tip, 
and which apparently corresponds with the zone of quickest 
growth, the roots, as seen under a high power, are longitudinally 
striped with darker and lighter brown. The darker tint is due 
to the presence of innumerable rounded granules of brownish 
matter ; and the cells containing them are arranged in longitu- 
dinal rows, w'liilc other longitudinal rows arc destitute of granules. 
In a few instances the rows differed slightly in tint, and yet no 

* ‘ Insect ivoroiis I’lnnls,’ 1875, p. G-t. The siibjeelvrns nt Hint time, 22 1 'cnra 
ngo, only o.'isimlly investigntcfl ; nnd I lioliovc Hint I erred greatly nbout hemna, 
unless, indeed, some dilTerent species was then observed, or that l.he season of 
the ye.ar makes a great diflcrcnco in the belinTionr of U'c roots, which is not 
probatilc. 
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graiiulca could be seen in the darker cells ; and I suppose that 
Ihi.s ua.«i owing to their being too minute to be visible. Occa- 
sionally, in the upper parts of the roots, the granules became con- 
fluent, and formed one or two small rounded masses of hyaline 
brown matter. Tlie striped appearance sometimes extended from 
the tips of the finest rootlets close up to the stem of the plant. 

On a casual inspection it would be said that the longitudinal 
rows of brownish and of almost colourless exterior cells regularly 
allernatcd with one another ; but on closer examination, two or 
three adjoining rows of cells were often seen to contain granules, 
and in otlier ])laces two or three ordinary rows contained only 
colourless fluid. In one instance many adjoining longitudinal 
rows eontnined granules ; but the tendency to alternation was even 
here well shown, as the alternate rows differed in tint from in- 
cluding a gre.ater or less number of granules. High up the roots 
tho alternations often quite failed, as all the exterior cells con- 
tained granules. If a longitudinal row of cells with granules is 
traced up a rootlet, it is seen to be soon interrupted by one or 
more colourless cells ; but I have traced as many as 18 cells in a 
row all containing granules. So, again, a longitudinal row of 
colourless cells chaiiges after a time into one with granular 
matter. Asa root thickens upwards, some of the longitudinal 
rows of cells divide into two rows ; and a row containing granules 
may divide into two such rows, or into one with and another with- 
out granules ; and so it is with dividing rows of colourless cells. 
I could not perceive the least difference in shape or sixe, or in 
any olher character, between the colls of tho same rank which 
contained and those which were destitute of granules. 

IS' ear the tip of tho root it is the exterior cells which become 
charged, after immersion in the solution, with brown granular 
matter ; and this often holds good with the cells of tho root-cap. 
Higher up tho root, the layer of cells formed by the alternating 
longitudinal row s wit h aTid w ithout granules is sometimes bounded 
o.xt ernally by a layer of empt y cells, w hich, I suppose, had by some 
means been emjdied of their content!*, and were ready to be exfo- 
liated. Besides t he exterior cells w ith and without granules, many 
separate cells in the parenchyma at ditferent depths from tho sur- 
face, and all or several of tho elongatf!(l endodcrm-cells surround- 
ing the central vascular bundle, are more or less filled with gra- 
nular mat ter, none of wdiioh cells contained any solid matter before 
the roots were immersed in tho solution. 
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I should have felt little surprise at the cfToct produced by the 
solution if all the cells of the same nature (for instance, if all the 
exlorior cells or all the parenchyma-cells) had been equally 
all’cctcd. The strong tendency to alternation in the exterior cells 
is more especially remarkahie. There is also another remarkable 
fact with respect to Ihoso latter cells, namely, that those contain- 
ing the grannies do not give rise to root-hairs, ns these arise exclu- 
sively from the colourless and apparently empty cells. In longi- 
tudin.al sections of one root, G2 hairs wore traced down to such 
colourless cells ; and 1 was not able to find a single one arising 
from a cell which coi7tained granules. But I shall have hereafter 
to return to this subject. 

With respect to the rate at which the granular matter is 
deposited, if a rootlet is placed under a cover-glass and irrigated 
with a few drops of the solution, some deposition occurs before 
the slide can be transferred to the microscope and the focus 
adjusted. A thiji rootlet was thercfoi-c arranged for observation, 
and a drop of the solution (7 to 1000) placed on the edge of the 
cover-glass, and in 20 seconds the cells near the tip became slightly 
clouded. Another thin rootlet was placed with the tip projecting 
beyond the cover-glass, and the focus was adjusted to a point at 
a distance of 07 inch from the tip, on which a drop of the solu- 
tion was then placed, and the cells at the above distance became 
cloudy in 2 m. 30 sec. 

Various other solutions, beside that of carbonate of ammonia, 
caused the depositioJi of granules in the same cells as in the fore- 
going cases. This occurred conspicuously with a solution of 4 
parts of phosphate of ammonia to 1000 water ; but the action was 
not so rapid as with the carbonate. The same remarks are appli- 
cable to nitrate of ammonia. A solution of one part of fuchsiue, 
which contains nitrogen, to 50,000 of water distinctly acted. A 
solution of 2'5 parts of pure carbonate of soda to 1000 water 
caused, after 24 hours, the cells close to the tip to become very 
brown from being charged with fine granular matter; and higher 
up the rootlets, longitudinal rows of cells, either containing coarse 
granules or pale-brown fluid without any distinguishable granules, 
alternated with rows of colourless cells. Lastly, roots immersed 
for only one hour in a watch-glass of water, to which two drops of a 
l-j)cr-ccnt. solution of osmic acid had been added, presented an 
exiraoi-dinary appearance; for the exterior cells in alternate rows, 
some parcjichyiua, and most of the endodcrm-colls contained much 
almost black granular matter. 
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Tlip f^rnnolps precipitated tliroiigli tlie action of carbonate of 
nminonia are never afterwards, as far as I could judge, redissolved. 
Koots still attached to living plants were inmicrsed in solutions 
of 1 ]iart of the carbonate to r>00, to 2000, and to 4000 parts of 
■water, and granular matter was deposited in the cells in the usual 
manner. The roots were then left in damp peat or in water, 
with the stems and leaves exposed t o the air and light, for various 
periods hetween 2 and 15 days. The roots were then reexamined 
at ditTercnt times, and granules were found in almost every in- 
stance in the cells. But it should ho noticed that though the 
plants themselves looked healthy, the finer roots were flaccid, and 
sometimes showed evident signs of decay ; so that it was manifest 
that they had been much injured hy the treatment to wlu’ch 
they had been subjected, probably by their immersion in the 
solution. 

AVith respect to the nature of the granules, I can say but little. 
They were not di.s.so/vcd by Jong-continued immersion in alcohol 
or in aectic acid, or hy irrigation with sulphuric ether. They 
were not di.ssolvcd hy a 10-per-ccnt. solution of common salt, 
which was fried at the suggestion of Mr. Vinca, who has found 
that thi.s solution dis.solves alcuronc-grains cither partially or com- 
pletely. AVhen sections or rootlets containing freshly deposited 
granules were left for a day or two in glycerine and water, these 
were sometimes broken up, so as to he no longer visible, and the 
ccll-saji in this case acquired a brownish tint. AVhen sections or 
thin rootlets were heated for a short time in a moderately strong 
solution of caustic jiotash, and afterwards left in it for a daj" or 
two, the granules were dissolved ; whereas the hyaline globules 
in the laticifcrous ducts were not dissolved. From these several 
facts I suppose that the granules arc of the nature of protein. 

After roots had been left for 2 or .‘1 minutes in water heated to 
a temperature of 21tf-212‘’ ]'\, and were then placed in a strong 
solution of the carbonate of ammonia, no granular matter was 
deposited ; and this seems to indicate that the action is a vital 
one. On the other hand, granules were often deposited in the 
cells, even the loose cells, of the root-cap, and it is very doubtful 
whether these could be alive. I may add that these root-cap 
cells were coloured, hy a weak solution of fuchsine, of a brighter 
pink than those in other parts of the rootlets. 

Other TIuphorhiacrous Plants. — The exterior cells of the roots 
of Euphorhia amygdaloidcs wcj'o much less acted on (Nov. IG) by 
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a solution of carbonate of ammonia than tliose of M. Peplus. 
ITcre ami tlicro two and tliree colls in a row contained brownish 
granules, and these abounded in the elongated endoderm-cells. 
Nearly the same rotnarks are applicable to E. myrsinites, though 
in most specimens the cells with granules were still rarer. The 
roots of two (leshy species, il. rhipsaloiJes and ornithopuSyAiA not 
appear to be at all affected by the solution. 

Turning now to other Euphorbi.iccous genera, the roots of 
Poimeltia puMierrima, Manihot Glaziovi, Croton ohlongifoUnm, 
and //cpcrt Spruciana were not affected. Nor were those of Mer- 
C7irialis pcrennin, as far as the exterior cells arc concerned ; 
but hero and there a single cell in the parenchyma became 
blue; but those cells were not carefully examined*. Judging 
from the cases presently to bo given, llicy probably contained 
gj’a?iulcs which had been precipitated by the ammonia solution. 

On the other liand, the roots of PhyUantlius compressus wore 
consjncuoiisiy acted on by an immersion of 21 hours in a solu- 
tion of 4 parts of the carbonate to 1000 of water, though in a 
somewhat different manner from those of Euphorbia Peplus. In 
])arts tlic exterior cells in many adjoining longitudinal I'ows con- 
tained brownish granules ; while in otlicr parts at no great dis- 
tance many adjoining rows were colourless and empty — that is, 
contained no solid matter. For instance, in one place 13 longi- 
tudinal rows with granules ran alongside one another, then came 
a single row of empty cells, and then at least 9 rows with gra- 
nules. In another place tlicro were 13 adjoining rows of cells 
all empty. When one of these rows was followed up or down 
tho root for some distance, it changed its character, eitlior 
becoming or ceasing to bo granular, and then resuming its 
former character. Close to tho tips of the roots all the longitu- 
• The rlii/.omcs nnd buried parts of the stems of thi.s plant are white ; but 
after immersion for a day in the ammonia solution they became in parts either 
pale or rich blub. Thisebango of colour occasionally occurred in parts exposed 
to the air wliicli had not been subjected to tho solution. As a similar change 
occurs in certain cells in tho roots of various plants after their immersion in the 
.solution, Tasked Sfr. Sorbyto bo so kind as to examine the rhizomesand under- 
ground stems of the Mcrcurialis. lie informs me that he doo.s not understand 
the change of colour ; hut ho was unable to spare time for a full examination, 
lie found that when the rhizomes and stoma wore boiled in alcohol, they yielded 
mat ter which was soluble in water, nnd which appeared to pass so rapidly into 
a brown subslanco with curious shades of green, that the real change was hidden. 
On tho whole, tho appearances differed a good deal from those observed by him 
in tho case of blue flowers. 
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(linnl rowB of oclla contained brownisli matter ; but tbig matter 
in several instances consisted of small dark-brown spberes, due 
apparently to the aggregation of granules. The eudoderm-cells 
round tho va.gcular bundle contained cither similar spheres or 
granular mnlter. 

As many adjoining rows of cells on the surface of the roots of 
this jilnnt had the saino character, an excellent opportunity was 
afTorded for observing the relation of tho root-luiirs to tho colls ; 
and in several dissected roots it was ?nanifest that, as a general 
rule, the hairs rose exclusively from the colourless empty cells; 
whereas none arose from those containing granules. Twice, how- 
ever, partial exceptions to this rule wore observed : in one case 
I he exterior walls of two adjoining cells, and in another case those 
of four ad joining colls, ])rojectod, so that they formed .short blunt 
papilla? which ii?cludcd granules ; and those papilla? exactly re- 
sembled nascent root-lmirs. It is not, however, certain that they 
would ever have become fully developed. 

All the exterior ceils close to the tip of tho root in this case 
and in many otber.s contained matter which was acted on by car- 
bonate of ammonia ; and I was led by various appearances to 
suppose at one time that this matter remained in all tho higher 
cells unlil it was consumed in some of them by the formation of 
the root-hairs. Those consequently would arise exclusively from 
cells ill which no granules would be deposited when they we.ro 
acted ou by llio solution. In opposition to this supposition is 
tbo fact, first, that root-bairs could bo scon beginning to bo de- 
veloped from empty cells ; and, secondly, that very many cells 
which were empty apparently bad never produced root-bairs. 
Nor docs this notion throw the least light on single cells in tho 
parenchyma and on many cells, though not all, in the endoderm 
containing granular matter. 

AVith another I'luphorbiaceous plant, Cwlebogyne ilicifolia, the 
immersion for 20 hours of it.s roots, or of thin sections of the roots, 
in a solution of 4 parts of carbonate of ammonia to lOOb parts of 
wnicr produced a singular cdect ; for many separate cells in tbo 
parenchyma and those in the endoderm surrounding the vascular 
bniidle ass?imed a pale or dark blue, and sometimes a greenish 
colour. As far as I could judge, both the granules within those 
cells and tho cell-sap hccamo thus coloured. Irrigation with sul- 
phuric ether did not affect tho colour, though the many oil- 
glohnlcs in tho cells were dissolved. 
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The forofToing observations on the Eiipborbiaccro led me to ex- 
periment on the roots of some other plants belonging to various 
fatnilics. At one time I erroneously imagined that there was 
some relation between the deposition of grannies in certain cells 
and the presence of laticiferous ducts, and consequently an undue 
number of plants with miiicy juice were selected for observation. 
A solution of carbonate of ammonia produced no obvious effect 
on the roots of a small majority of the plants which were tried ; 
but on several a slight, and on others a marked, effect was pro- 
diiced. 1 should state that wlicn the exterior appearance of a root 
did not indicat e any action, sections were rarely made ; so that the 
interior cells were not cx.amincd. No obvious effect was produced 
willi the following plants: — Argemone grartf/ijlora, lirassica ole- 
rncro, Vida safiva, 'J.'rifoUum repens, Vittca rosea, Jloya campanu- 
laia, SlapeUa Iiamafa, Srhuhertia gravcoletis, Oarica Papaya, Opuntia 
holiviensis, CueurhUa odfera, a Begonia, 7icta vulgaris, Jhxus 
haccafa, Oycas peclinat a, Phalaris canadensis, a common pasture- 
grass, Lemnn, and two species of Allium. It may perhaps bo 
worth notice that the radicles, but not the hypocotyls, of sced- 
lijigs of Beta vulgaris were completely killed by an immersion for 
20 hours in solutions of cither 4 or of only 2 parts of the carbo- 
nate to 1000 of water ; and this occurred with no other plant 
which was tried. 

AVith the following plants the solution produced some slight 
effect. The roots of a fern, Nephrodium niolle, wore immersed for 
20 hours in a solution of 4 to 1000 ; and this caused the deposi- 
lion of some brown granular matter in the cells near their tips ; 
and more or less confluent globules could be seen in the under- 
lying parenchyma-cells. So it was with an unnamed greenhouse 
sjiecics of fern ; and in this case the almost loose cells of the root- 
cap contained brown granules. The roots of a Ranunculus 
{R. acris ?) similarly treated exhibited near their tips brown gra- 
nular Juattcr. The tips also of the roots of Dipsacus sylvestris 
became, under similar trc.atmcnt, almost black; and higher up 
the roots, here and there a single parenchyma-cell was coloured 
pale blue. This occurred in one instance w'hen a rootlet was 
looked at .‘l.'i minutes after irrigation with the solution. Several ^ 
roots of Apiinn graveohns were left for 20 and 24 hours in solu- 
tions of 4 and 7 to 1000 ; and in some cases brownish granules, 
more or less aggregated together, were deposited in some of tbo 
exterior cells, and a few of the deeper cells in the parenchyma 
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were e-oloiired blue. The tipa of the roots of Pantinaca safiva 
turned dark brown by a similar immersion ; but this was due to 
tbc formation of orange-brown balls of matter near tbo vascular 
bundle : higher up tlio roots there were no granules in the exte- 
rior cells. Tbo tips of tbo roots of Lamium purpureum, after an 
immersion of 18 bours in a solution of 4 to 1000, were rendered 
brown, and the cells contained innumerable pale-colourcd byalino 
globules. Tbc older roots of Leonfodon Taraxacum and of a Son- 
cJiUJt bad tbeir tips turned brown by tbc solution. With Ijaetuca 
safiva tbc tipa were rendered opaque ; but much granular matter 
was not deposited except in that of one rather thick leading root, 
and here short longitiuliiial rows of cells coutaitiing dark-brown 
granular matter alternated with rows of colourless cells ; tbo 
almost loose cells of tbo root-cap likewise contained brown gra- 
nules. In the several following cases a much more strongly 
marked cnect was produced by tbo solution. 

Urtica . — This plant, tbc common nettle, shall be first consi- 
dered, as it is distantly allied to the bbijiborbiacero, though tho 
roots arc not so much alTected ns in succeeding cases. Several 
roots were left for 27 bours in a solution of tbo carbonate (4 to 
1000). In one of them the exterior cells were plainly tinted of 
a brown colour in manj' longitudinal rows, but they contained 
no visible grannies ; and these rows regularly alternated with 
others formed of colourless cells. In aiiotbor part of this samo 
root all the exterior cells were coloured dark brown, and con- 
tained visible granules, which were generally collected into heaps 
at one end of the cell, or were fused together in some instances 
into small brown spheres. In a second, rather thick root, there 
was a space in which all the exterior colls bad become brown ; 
but at no great distance rows of bron n and colourless cells regu- 
larly alternated. In a third, rather thick, and in a fourth, thin 
root the alternation was extremely regular. Near the tip of a 
fifth (thin) rootlet two rows of a brown colour ran alongside one 
another in many places ; but wben these and other single rows 
were (raced up the root, they changed into colourless rows, and 
afterwards reassumed their former character. Whenever the 
root-hairs were traced down to (heir bases, they were seen to 
arise from colourless cells. Neither granules nor brown fluid 
were observed in the parenchyma-cells nor in those surrounding 
tho vascular bundle. 

Some roots which bad been left in water for several days were 
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lougitudinally striped with very faiat browa lines ; and one cell 
was observed which included granules ; so that plain water pro- 
duces some clTect. These same roots, after being irrigated with 
a solution of 7 to 1000, were left for 21 hours; and now the 
longitudinal rows of brown cells had become much darker, and 
presented a much stronger contrast with the colourless cells. 
Several of the brown cells moreover included granules, which 
hero and there were aggregated into small dark-brown rounded 
masses. 

Drosera, Dioneea, and Drosophj/Utim . — The roots of the plants 
belonging to these three closely allied genera are strongly acted 
on by a solution of carbonate of ammonia. In the case of a 
young plant of tlie Diottwa, all the exterior cells of the roots, 
after immersion for 21 hours in a solulion of 1 to 1000, contained 
almost black or orange, or nearly colourless spheres and rounded 
masses of translucent matter, which were not present in the fresh 
roots. In this case, therefore, the exterior cells did not differ in 
alternate rows. Near the extremity of one of these roots many 
separate cells in the parenchyma, as seen in transverse sections, 
contained similar translucent spheres, but generally of an orange 
colour or colourless. The cells surrounding the vascular bundle 
abo\inded with much smaller dark-coloured spheres. 

TItreo main or leading roots of Drosop/n/llum lusifanicum were 
cut off and examined before being immersed in the solution, and 
no aggregated masses could bo seen in them. Two were left for 
22 hours in a solution of 4 to 1000, and they presented an extra- 
ordinarily changed appearance ; for tlie exterior cells in many 
rows from the tips to the cut-off ends of the roots included either 
one large, or, more commonly, several spherical or oval, or columnar 
masses of brown translucent matter. The columnar masses had 
sinuous outlines, and appeared to have been formed by the con- 
fluence of several small splicres. The loose, or almost loose, 
oval cells composing tlie root-cap included similar brown spheres ; 
and this fact deserves attention. Two rows of colls containing 
the just-described masses often ran up the root alongside one ano- 
ther ; and sometimes tiicre were three or four such adjacent rows. 
These alternated with others wliich were colourless, ond contained 
cither no solid matter, or rarely a few minute pale spheres. 
These roots were carefully examined ; and all the many root- 
hairs arose from the colourless rows of cells, except in some few 
cases in which the cells on both sides abounded to an unusual 
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dogroo with n.pgrofi;nt P(l mnssea ; and here root-hairs arose from 
cells including a very few minute spheres. 

In longitudinal sections of the above roots, the cells in the 
])arencliynia at different depths from the surface were seen to 
include spheres, but many of them were of small size and pale- 
coloured. There was no marked increase in the amount of 
aggregated matter in the cells closely surrounding the vascular 
bundle, as is so often the case with other plants. 

The third cut-off root was placed under the microscope, and 
wa.s irrigated with a solution of 7 to lOOO. After 13 minutes very 
sm.all Iranslucent granules could be seen in many of the colls; 
and after 3.^) minutes several cells near the cut-off end contained 
modcrafel}' large spheres of translucent matter. But I suppose 
1 hat the solution was too strong; for the granules disajipeared 
after about 4.') minutes, except close to the tip ; and the higher 
pads of the root no longer prescnied a striped appearance. 
Nevertheless the large spherical, oval, and oddly shaped mas.ses 
in the colls near the cut-off end remained perfect, and the}'' wore 
watched for the next 2,\ hours. During this time they slowly 
changed their shapes, hut not afierwards, though observed for 
nearly 24 hours. For instance, two spheres in one cell became 
confluent and formed an oval mass ; two other spheres ran 
together and formed a dumbbell-shaped body, which ultimately 
changed into a sphere ; and, lastly, an irregular mass first became 
oval, then united itselfwith another oval mass, and both together 
became sphericinl. 

Saxifraga umhrona . — This plant, from its affinity to the Drosc- 
racea', was cursorily ob.sorved. Many of the exterior cells of 
roots which had been immovsed for H) hours in a solution of 
4 to 10(X) were filled with brown granular matter. Only two or 
three cells in a longitudinal row were thus filled ; but sometimes 
four nr five such short rows were grouped together ; and these 
groups alternated with rows of colourless cells. 

Sarmccnia purpurra . — Two rootlets were left in water for 
2t hours, but they presented no granules or aggregated massos. 
'They were Ihen irrigated with a solution of 7 to 1000, and in 
20 minutes pale-brown aggregated masses' could be distinctly 
seen near their tips. 'Two other, almost colourless, rootlets were 
left for 1 hour 10 minutes in the same solution ; and now all the 
exterior cells contained brown granular matter, but much darker 
in some cells than in others.. iSomc of the cells contained. 
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bcsifloa tlio granules, oval and occasionally splicricnl masses of 
transparent, almost colourless matter, wliicli apparently did not 
cliangc their shapes. The cells round tlie central vascular bundle 
included similarly shaped masses, but of a yellowish-brown colour. 
Tliese roots and others were left for 2 t hours in the solution 
of 7 to 1000, and their tips were now blackened. Some of the 
exterior cell.s, more especially those of Iho thicker roots, were 
filled with orange instead of brown granules; while other colls 
contained oval, spherical, or oddly shaped masses of orange, 
instead of almost colourless or pale-brown translucent matter. 
Some of these masses consisted of an aggregation of small, par- 
tially conllncnt spheres of different tints of orange. In trans- 
verse sections it could be seen that the two exterior layers of cells 
and those surrounding the vascular bundle contained the above- 
described masses, while the more central parenchyma-cells 
abounded with grains of starch. A solution of 4 parts of the 
carbonate to 1000 of water sufficed to produce similar effects. 

The root-hairs, after immersion in the solution, were not so 
transparent as is commonly the case, from including very fine 
granular matter, and from their shrunken protoplasmic lining 
being of a yellowish colour. The roots themselves were also 
usually opaque. Consequently the root-hairs were not easily 
traced down to their bases. They were distributed very unequally, 
being quite absent from the browner parts of the roots, while pre- 
sent on the parts which had remained pale-coloured. Notwith- 
standing this latter fact, it is very doubtful whether the rule of 
root-hairs arising almost exclusively from colls destitute of solid 
matter here holds good. 

Pelartfoniitm zonale . — A fresh root was examined, and the colls 
contained no granules. It was then irrigated with a solution of 
7 to 1000, and in about 15 minutes granules could bo distinctly 
seen in the exterior cells in alternate rows. Two other rootlets, 
after being left in water for 48 hours, wore not at allc affected. 
They wore then irrigated with the same solution and reexamined 
after 24 hours; and now the exterior cells in rows, as well ns those 
surrounding the vascular bundle, abounded witli granular matter. 
Other roots w'cro left for 48 hours in a solution of 4 to 1000 ; 
and the cells near their tijis were so packed with dark-brown 
granular matter as to bo blackened. Higher up the roots, the 
granules were pale brown, translucent, iri’cgularly rounded, and 
often more or less confluent. In some dark-coloured rootlets the 
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crlla included a fow small spheres of dark brown matter instead 
of granules. Usually the cells containing the granules formed 
single longitudinal rows, which alternated with rows of colourless 
cells. But occasionally several adjoining rows included granules: 
(bus in ouo |)lace two adjacent rows of cells with grainilcs were 
succeeded by au empty row ; this by two alternations of granules 
and empty rows ; then came two adjoining rows with granules, 
an empty row, and three adjoining granular rows. In another 
])lace an empty row was succeeded by five adjoining rows with 
granules; these by au empty row ; this by three adjoining rows 
with granules, and this by an ein]>ty row. 

After ninny casual observalions, in which all the root-hairs 
apjienred ( n arise from cells dcsl il ule of granules, this was found 
lo be the case wi(;h 50 hairs which were traced down to tlicir 
bases. AVilli one problematical exce|)tion, not a. single hair could 
be found which arose from a cell containing granules. In this 
one exceptional case, a hair seemed to spring from the transverse 
wall se]iarating t wo cells ; but with a good light and under a high 
power, the wall a[)parontly consisted of two walls, separalcd by 
an excessively narrow clear space, an if a cell had here failed to 
be fully developed. 

The solution likewise caused the precipitation of granules in 
the elongated cells surrounding the vascular bundle, and in some 
t ubes or duets wilhiii (lie bundle. The solution apparently does 
not act on cells which have been killed. The ends of a rootw’cre 
torn ojien, so that the vascular bundle was fully exposed ; tbo 
root w as ( hen left for 24< hours in a s(rong solution of 7 to KXX), 
and no granules were deposited in the exposed cells round the 
vascular bundle ; but by tearing open fresh parts of the same 
roots, these cells wore found full of granules. 

The granules were not dissolved by immersion for 24 hours in 
alcohol ; but they were dissolved by a cold solution of c.austic 
potash. The dissolution, however, took place very slowly ; for 
though on two occasions the granules wholly, or almost wholly, 
disappeared after an immersion of 20 hours, )'ot with a thicker 
root they xvcrc not dissolved, though rendered browner, by an 
immcr.sion for this length of time; but they finally dis.appcared 
after IR additional hours in a fresh solution of the 2 iotash. In 
the cells round the vascular bundle, from wdiicli the granules had 
been dissolved by the potash, matter resembling oil-globules in 
appcar.ancc rem.iined. 
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Lastly, two drops of a 1-per-ccnt. solution of osmic acid were 
added to j oz. of distilled w’atcr, and some roots were left in this fluid 
for 20 hours. They were affected in very cliffcreut degrees. Some 
w'crc only a little discoloured ; and in such roots a single exterior 
cell hei’c and there contained either blaclu'sh granules or small 
black spheres. Other roots were much blackened ; and in these 
longitudinal rows of dark brown or blackened cells plainly alter- 
nated with colourless rows. The cells surrounding the vascular 
bundle and many of the ])arenchym,a-cclls also contained blackened 
granules. Ilcnco it is probable that carbonate of ammonia like- 
wise acts on some of the ])arenchyma-c.clls ; but if so, the fact was 
overlooked, or accidentally not recorded, in my notes. 

O.valis Acclosdla . — Hoots were first examined, and then placed 
in a solution of 7 to lOOO. Some slight degree of aggregation 
was seen i)i a few minutes. After IjO minutes all the cells near 
the tips coitlaiuod rounded accumulations of granules. Higher 
up in one of the roots, single cells, or from two to five colls in a 
row', were filled with minute hyaline globules. In some places 
these had become confluent, so that they formed larger globules 
having a sinuous outline. The cells underlying the exterior layer 
likewise contained extremely fine granular matter. Still higher 
up the same root there were considerable spaces in which none 
of the cells contained granules. But again higher up, the granules 
reappeared. The root-hairs were numerous ; but not one was seen 
which arose from a cell containing granules. 

Boots of Oxalis sepiwn,corniculata,!mi of a greenhouse species 
with small yellow' flowers were immersed in a solution of 7 to 
1000, and granular matter was deposited in the layer of cells 
underlying the exterior Layer. This occurred in the case of 
O. septum ill 20 minutes. With O. corniculata the cells with 
granules were isolated — that is, did not form rows; and the 
granules were cither brown or of a bltiish-grcen colour. In the 
case of Oxnlis {liiophytum') sensitim, the exterior cells of the 
roofs, after immersion for 44 hours in the same strong solution, 
were not much affected ; but some of the deci)cr parenchyma-cells 
contained dark-brown translucent sjdicrcs, and the elongated 
cells round the vascular bundle were almost filled with granular 
matter. 

Fraytiria (garden var. of the common strawberry). — Some 
white, almost transparent roots from a runner were examined 
(Dec. 12), and the cells contained no solid matter, except starch- 
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prniiiP. Tlicy wore tlion irrigated with a solution of 7 to 1000 ; 
and in from 10 to I'i mimitcs thcyhccame very opaque, especially 
near tlicir tips. Afler being left a little time longer in the solu- 
tion, longitudinal sections were made. The cells forming tlie 
r.vlorior layer contained no solid matter, but the walls had become 
brown. There was much brown, finely granular matter in many 
of the jtaronchyma-cells at different depths from the surface ; and 
these formed inlerrnpted longitudinal rows, which allernalcd in 
the same zone with rows of empty colourless cells. Almost all 
the endoderm-cclls likewise contiiined granules. In the paren- 
chyma the cells which included mucli granular matter contained 
no si arch-grains ; while those abounding witli starch-grains con- 
lained only a few or no granules. The fact was beat seen after 
the sections had been irrigaled w ith a solution of iodine; and they 
Ihen presented a very remarkable appearance, consideriug how 
bomogcncons t hey had been before being treated with the am- 
monia. and iodine ; for the lino granular matter was rendered 
si ill hrowiuT and the si arch-grains of a bcantifnl blue. Theso 
Tools were left for a week in diluted alcohol, and the granules 
wore not dissolved. 

Not a single root-bair could be found on these roots. A rooted 
stolon was therefore (big up and potted on Dec. 12th ; it was then 
forced forwards in llic bof -bouse, and afterwards kept very dry. 
AVbcn examined on Jan. ‘Ird the roots were found clothed with 
inmimeralde root-liairs ; and they were then left for 2.‘? hours in 
the solution of 7 In 1000. Sections of the thicker roots jircscnted 
oxacily the same ajipcaranccs as described above; and the exterior 
colls, from wbicb the root-bnirs arose, w ere destitute of granules. 
The Ibinner roots difi’ered somewhat in appearance, as the paren- 
ebyma-eells did not contain any lino granules, but in their places 
small, spherical, nr oval, or irrcgnlarly-slinped masses or filaments 
of brown Iranslncent matter, resembling a highly viscid fluid. 
There wore also in fbeso cel Is other still smaller colourless spheres. 
The cells, liowcvei', close In the ti[) of tho root were filled with 
brown granular matter. 

Solnnvm {capsicanirttm ?,var. Empress). — Eoots, after an immer- 
sion of 20J boms in a solution of 4 to 1000, were s])lit longitu- 
dinally and examined, but w ith no great care. The exterior cells 
did not ajipear to have been afTcclcd ; but some of tho parenebyma- 
eells close beneath the exterior cells contained inimilo aggregated 
masses of brown, ojiaqne, or somclimcs liyaliuc grannies. More- 
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over many, but by no means all, of tbo elongated cells surround- 
ing the vascul.Tr bundle included dark-browu fine granular matter. 
Three roots which bad been left in water for the same length of 
time, viz. 20;J hours, were similarly examined, but their cells pro- 
Bcntcd notie of the above appearances. 

Primula ncaulis . — Several roots were left (Dec. 22) for 18 hours 
in a solution of 4 to 1000, and they were all much affected, except 
some of the thinnest rootlets. Many of the exterior cells con- 
tained granules within the shrunken protojdasinic utricle, which 
had contracted into one, two, or even three, oval or spherical 
bags, lying within the same cell. The rows of cells containing 
the granules showed some tendency to alternate with rows of 
cm])ty cells. The granules were rendered orange-brown by iodine. 
Tlio innumcrablo root-hairs all arose' from the empty cells; and 
1 saw only two jiartial exceptions, in which tho outer walls of 
cells containing granules wore produced into short papillss, as in 
the formerly described case of Phyllanffius, and these resembled 
nascent root-hairs. AVithin one of these papillaj, granules sur- 
rounded by the shrunken utricle could be seen. In tho paren- 
chyma single cells xvere seen containing minute hyaline globules, 
w'hich were colourless or pale or dark blue, or occasionally 
greenish dr yellowish. Many of the endoderm-cells bkewiso 
contained more or less confluent hyaline globules ; but these were 
colourless, and larger than those in tho parenchyma. They 
resembled slarcb-graius so closely that they were tried with 
iodine, but were not coloured blue. Eoots which had been kept 
for 48 hours in waf er exhibited none of the coloured or colourless 
globules ; but these appeared when the roofs webe afterwards 
iininerscd for 24 hours iu the ammonia solution. 

Allhougb it is certain that granules were deposited in tho 
exterior celts in the case just described, yet in four other roots, 
after an immersion of 24 hours in the solution, no granules could 
be seen in any of tbo exterior cells. Some of the parenchyma- 
cells, however, were of a fine blue colour, and contained many 
globtdcs or granules, but no starch-graius, while others contained 
slarch-grains ns well as some few globules. 

Cyclamen jtersiruni. — Se<dions taken from roots of this plant 
which had been immersed in a solution of carbonate of ammonia 
presented an extraordinary different appearance frojn those of fresli 
roots. All the cells in tho latter appeared empty, excepting those 
of the endoderm, which sometimes iucludcd a few very fine pale- 
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Fig. 1. 




Iiongiliulinal spcfion of root of Ct/clamcn persicum.aX\xiT Immersion in n solu- 
tion of rarlxmato of nmmonin, ami tlcposilion in some of the cells of granules. 
/!. part of rasriilnr hiintllo; A, emloflcrm-crlls ; r, parench^ina-cclls ; rf, exterior 
cells of the root, bearing root-hairs, e, with their tips cut olT. Drawing ninflo 
by aid of a camera, magnified 200 limes, but hero reduced to two Ihiids of 
original .scale. 



Fig. 2. 




Transverse section of another pnrlof the same root, magnified as before, show- 
ing the exterior cells d, (ogellicr with the l uol-hairs c, here containing granules. 
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coloured grftiiules, unlike those in the Baine cells after immersion. 
Thick and thin roots were left for 22 hours in a solution of 7 to 
1000, and the cells forming the exterior layer were filled over con- 
siderable spaces with green granules, while over other spaces tliey 
were empty. The granular and empty cells did not form regular 
nltcriiatc rows, as occurs in so many other plants ; yet, as we shall 
presently see, there is occasionally some degree of alternation. 
The exterior cells with the green granules were so numerous in 
certain cases, that roots which h.ad been pale brown before immer- 
sion were afterwards distinctly green. The green granules some- 
times became aggregated into spherical, or oval, or elongated 
Tiiasses having a sinuous outline ; and some of these are shown 
within the root-hairs in fig. 2. Many of the cells of the paren- 
chyma, cither standing so])arately or two or three in a row (as 
shown in fig. 1), contain similar green, or sometimes brownish, 
granules. AlmostalJ the narrow elongated cells of the endodenn 
(A, lig. 1) likewise contain these granules, with merely hero and 
there an empty cell. Although both kinds of cells often appear 
as if gorged with the granules, yot these really form only a layer 
adhering to the inside of the protophusmic utricle, ns could be seen 
when cells had been cut through. With some thick fleshy roots, 
after an immersion for 42 hours (and thick roots require a long 
immersion for the full efl’ect to bo produced) the green granules 
in the ])arenchyma-cells had become completely confluent, and 
now formed spheres of transparent green matter of considerable 

The granules arc not dissolved, nor is their colour discharged 
by Bul|)huric ether. Acetic acid instantly changes the green into 
a dull orange tint. The granules are not dissolved by alcohol. 
Their precipitation by the ammonia solution seems to depend on 
the life of the cell ; for some transverse sections were examined 
and found colourless, as well asjlcstituto of granules. They were 
then irrigated with a solution of 7 to 1(XX), and reexamined affer 
22 hours ; and only a very few cells in two out of the five sections 
showed any trace of colour, which, oddly enough, was blue instead 
of green. The few coloured cells occurred exclusively in the 
thickest parts of the sections, where the central ones would ob- 
viously have had the best chance of keeping alive for some time. 

I II these coloured cells a little very fine granular matter could bo 
distinguished. 

On most of the roofs root-hairs were c.xlrcmely numerous, 
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nnd tlioy Ronernlly arose from cells destitute of granules ; yet in 
many ])lnces whole groups of cells ahounding with granules gave 
rise to well-developed root-hairs, 'riicrcfore the rule which holds 
good with so many jilants, namely, that root-hairs arise exclu- 
sively from colourless cells destitute of granules, here quite 
hrenhs down. The granules extend from the cells into the hairs 
wliich spring from them, as is shown in fig. 2 ; and they hero 
sometimes become confluent, forming rovindcd or elongated 
masses of transparent green matter. This matter within the tips 
of some of the hairs seemed to pass into a brownish fluid. It 
was repeatedly observed that where many hairs rose close 
togelher from cells containing the green granules, the tips of the 
hairs were glued togelher by cakes or masses of orange-coloured 
translucent tough matter. This matter could bo seen, uuder 
favourable circumstances, to consist either of very thin homoge- 
neous sheets or of aggregated granules. It was not acled on hy 
an immersion of two hours in absolute alcohol or in sulphuric 
ether. The smaller globules were either dissolved or destroyed 
by sulphuric acid, while others were re.udered highly transiiarent. 
The formal iou of this orange-coloured matter is indcj)cndont 
of the previous action of ammonia ; and I have noticed similar 
matter atta<-hed to the rootlets of many other plants. It is pro- 
bably formed by the softening or liquefaction of the outer sur- 
face of the walls of the hairs, and the subsequent consolidation 
of the matter thus produced *. Nevertheless some appearances 
led me to suspect that the brownish fluid which was seen within 
the lips of the hairs enclosing the green granules may perhaps 
exude through the walls, and ultimately form the cakes of orange 
matter. 

A few other solutions were tried, lloots were left for from 
20 to 43 hours in a solution of 7 part s of pure carbonate of soda 
to 1 OOO of water, and in no case were granules deposited in the 
exterior cells ; but some of these colls in longitudinal rows 
became brown ; these alternated with rows of colourless cells. In 
one ijistance several of these cells included oval or spherical masses 
of an apparently tenacious fluid of a brown tint. Single cells in the 
])arcncbyma likewise became brown ; others were dotted, like a 
mozaotinto engraving, with barely ilistinguisliable gi’anulcs, which, 

* S'ce sonic rcmnrk.s on Ihi.s liqiicrnclion of the outer surface of roo(,-hnirs by 
my son Frnneis iiml niysclr in 'Tim Power ol' Movoment in Plnnls,’ 1880. 
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however, in other cells were plainly visible ; and, lastly, a few of 
these cells included spherical or oval masses of the same nature os 
those just mentioned in the exterior colls. Most or all of the 
endoderm-colls either contained a homopeucous brown fluid, or they 
nppeai^ed, from including excessively fine granules, like a mezzo- 
tinto engraving. In no case were any of the cells coloured green. 

Some roots wore immersed for from 20 to 44 hours in a solu- 
tion of carbonate of potash of 7 to 1000; and these were affected 
in nearly the same manner as those in the soda solution. In the 
e.xtorior cells, however, more granules were deposited; and these 
were oftencr aggregated together, forming transparent orange- 
coloured spheres. The cells containing the granules or spheres 
were of a brown colour, and Avoro arranged in longitudinal rows 
which alternated with rows of colourless colls. There woro 
fewer granules in the parenchyma-cells than in tho roots which 
had been subjected to the soda solution ; and there were none in 
the endodorm-cells, even in roots which had been left immersed 
for 4‘i hours. A solution of phosphate of ammonia (4 to 1000) 
produced no effect on tho roots after 43 hours’ immersion. 

Concluding Jlcmarks . — Tho most romarkablo conclusion which 
follows from the foregoing observations is that, in tho roots of 
various plants, cells appearing quite similar and of the same 
homologous nature yet differ greatly in their contents, as shown 
by the action on thorn of certain solutions. Thus, of the exte- 
rior cells, one, two, or more adjacent longitudinal rows are often 
affected ; and these alternate with rows in which no effect has 
boon produced. Ilenco such roots present a longitudinally 
striped appearance. Single cells in the parenchyma, or occasion- 
ally two or three in a row, are in like manner affected ; and so it 
is with tho cndodcrm-colls, ^lougli it is rare when all are affected. 
The difference in aspect between sections of roots before and 
after their immersion in a proper solution is sometimes extra- 
ordinarily great. Of all tho solutions tried, that of carbonate of 
ammonia acta most quickly, indeed almost instantaneously ; and in 
all cases the action travels up tho root from cell to cell with re- 
markable rapidity. With Euphorbia Fe.plus a solution of 1 part 
of the carbonate to 10,000 of water acted, though not very 
quickly. 

When the action is very slight, tho fluid contents of the cells 
are merely rendered palo brown. Nevertheless, judging from tho 
gradations which could he observed, the brown tint is probably 
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duo to t.lic prcHC!icp of invisibly minute granules. More com- 
mnuly distinclly visil)le granules are deposited, and these, in the 
case of Cyclamen persicum, adhered to the inner surface of the 
protoplasmic utricle; and this jtrohahly is tho case with other 
planis. From granules wo are led on to globules more or less 
conducnt, and thence to spherical or oval or oddly shaped masses 
of translucent matter. These were coloured ])alc or dark blue 
or green in seven of tho genera experimented on ; but usually 
they are hrownisii. The granules or globules are not acted on, 
except as far as colour is concerned, by alcohol, sulphuric ether, 
a solution of iodine, or acetic acid ; but they are slowly dissolved 
by caustic potash. It has been shown in a previous paper that 
in the leaves of cerlain plants carhonate of ammonia first causes 
flic deposition of granules from tho cell-sap, which aggregate 
together, and that matter is afterwards withdrawn from the pro- 
toplasmic utricle which likewise undergoes aggregation. Some- 
thing of the same kind apparently occurs in roots, judging from 
the occasional diflerence in colour of tho aggregated masses 
within the same cell, and more especially from what has been 
described as occurring in the root-cells of Sarracenia and Pelar- 
gonium. 

Other solutions besides that of carbonate of ammonia induce 
nearly, but not quite, tho same elfects. Phosphate of ammonia 
acted more slowly than tho carbonate on the roots of Euphorbia 
Pcplus, and not at all on those of Cyclamen. With this latter 
plant and with the Euphorbia carbonate of soda was efficient, 
but in a less degree than the carbonate of ammonia. In one trial 
which was made, carbonale of potash acted on the exterior cells, 
but liardly at all on those of the jiarcnchyma and endoderm. An 
ext remely weak solution of osmic acid was highly potent, and tho 
deposited granules were blackemRl. This acid is poisonous; 
but it must not be supposed t hat the mere death of a cell induces 
deposition. This is far from holding good ; so that, judging from 
several trials, cells which have been killed are not acted on even 
by carbonate of ammonia, which is the moat efficient of all known 
agents. 

1 have not sufficient data to judge Imw generally roots are 
acted on by the carbonate of ammonia in the manner described. 
Those of 'in genera, many of whicli belong to widely separated 
families, were tried. The roots of 15 were conspicuously acted 
on, those of 11 in a slight degree, making together 2G genera ; 
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wlu'le those of the remaining 23 genera were not affected, at least 
in any plain manner. Hut it should bo stated that sections of 
all these latter roots were not made, so that the cells of the 
parenchyma and endoderm were not examined. Wo may there- 
fore suspect that if various other reagents had been tried, and if 
sections had been made of all, some effect would have been ob- 
served in a larger proportional number of cases than actually 
occurred. I have elsewhere shown that the contents of the 
glandular hairs and of the epidermic and other cells of the leaves 
undergo aggregation iu a considcr.able number of plants when 
they are acted on by carbonate of ammonia; and the roots of 
these same plants are especially liable to be affected in the same 
manner. We see this in 7 out of the 15 genera which had their 
roots conspicuously affected coming under both heads. 

The question naturally arises, what is the meaning of matter 
being jirccipit.afnd by a solution of carbonate of ammonia and of 
some other substances in certain cells and not in other cells of 
fhe same homologous nature? The fact of granules and sphe- 
rical masses being formed within fhe loose exfoliating cells of the 
roof -cap, as was observed in several instances, and conspicuously 
in that of DrosophyUum, apparently indicates that such matter 
is no longer of any use to the plant, and is of the nature of an 
excretion. It does not, however, follow that all the aggregated 
maf ter within the root-cells is of this nature, though the greater 
|)art may be ; and we know that iu the filaments of Spirogyra not 
only .arc granules deposited from the cell-sap which aggregate 
into spheres, but that the spiral chlorophyll-bands also contract 
into spherical or oval masses. The view that the granules con- 
sist of excreted matter is s^upported, to a certain extent, by their 
not being rcdissolved, as far as I could judge, in the roots of 
living plants of Euphorbia Peplus ; and in this respect they differ 
in a marked manner from the aggregated matter in the leaves of 
Drounra and its allies. A larger amount of granular matter is 
dei)osiled close to f.he tip of the root than elsewhere; and it 
might have been expected that where growth with the accom- 
panying chemical changes was most rapid, there the largest 
amount of excreted matter would accumulate. It also deserves 
notice that there exists some degree of antagonism between the 
])rcsence of these granules and of starch-grains in the same cells. 
On the other hand, it must be admitted that no excretion in the 
vegetable kingdom, as far as is at present known, remains dis- 



200 



Mn. C. DAHWIN ON THK ACTION OF OAttBONATF, 



BoJvcd in tho ccll-snp, or, n.a in fclio proscni; cases, is precipitated 
only tlironph tlie ncl iou of certain reagents. 

On tho view hero siiggcatcd the exterior cells in many rows, 
some paronchyma-eclls, and many or moat of tho endodorm-cclls 
servo as rocoptaeles for nsoloss matter. It will, however, at first 
appear highly improbable that so many cells should serve for such 
a purpose. Tlut tliis objection ba.s no great weight ; for in cer- 
tain eases a surprising number of colls may bo found which, 
instead of containing chlorophyll -grains lilio the surrounding 
cells, aro filled with crystalline masses of carbonate of lime and 
olher earthy sails which are never rcdissolved. Many isolated 
cells or rows of cells likewise contain gummy, resinous, or oily 
secrelions and other substances, which, it is believed, ai’o of “ no 
furl her use in the changes connected with nutrition or growth 
Wc thus sec that useless or excreted matter is commonly col- 
lected in separate cells ; and we thus get a clue, on tho view hero 
suggested, for understanding why the deposited granules and 
spherical masses arc found in isolated cells or rows of cells, and 
not in tho other colls of the same homologous nature ; and this 
is the circumstance which, as lately remarked, at first surjirised 
me most. 

In the roots of plants the endoderra-cells commonly separate 
those of the jiarenchyma from the vascular bundle. Very little 
is known about their use or functions ; so that every particular 
deserves notice. They resemble (he exterior cells in their walls 
()arfly consisting of corky or cuticularir.cd matterf; and wehavc 
Itere seen that they likewise resemble the exterior colls by serv- 
ing as receptacles for tho deposited granular matter, which, in 
accordance wi(,h our view, must be excreted from the inner paren- 
chyma-cells or from the vascular bundle. 

Tlic fact of the granules being deposited in the exterior cells 
in one, two, or more adjacent longitudinal rows, which alternate 
with rows destitute of grannies, is the more remarkable, as close 
1o the tip of the root all the c.xterior cells aro commonly gorged 

• SnrliB. 'Text- Hook of Holanj' (('’ngl. Iransl.l, 1875, p. 11.8. Also 
Do Bary, ‘ Verglriclientle Annfomie,’ pp. I '(2 143. When odoriferous oils or 
otlier strongly tnuting or poisonous BiiliBlnnees nro deposited in cells, untl nre 
thus thrown out of (he netive life of tho plnnt, there is reason to believe that 
they ere by no menns useless to it, but indirectly serve ns a protection against 
inserts mid other enrmics. 

t On the nnlure of midoderm-cells, .sec Do Bnry, ‘ Vcrgleicliendo Anntoniie,' 
1877, p. 129. 
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with gr<arnilar matter. It appears, therefore, that matter of some 
kind must have passed laterally from those rows which do not 
contain granular matter, after being acted on by the ammonia, 
into the adjoining row's. Why the useless matter should not pass 
out of the root through the outer walls of the cells, probably 
depends on the thickness and cuticular nature of the outer walls. 

Pfeifer states that root-hairs are dcvelojicd on the gemmie, 
and apparently on the lhallus, of Marchantia polymorpha from 
superficial cells which, even before the growth of the hairs, do 
not contain starch- or chlorophyll-grains ; although these bodies 
arc present together with matter of an unknown nature in the 
adjacent superficial cells. He hiis observed a nearly similar case 
with the roots of Jlj/droclinris* . No one else seems to have 
even suspected that root-hairs were not developed indifferently 
from any or all of the exterior colls. But it has now been shown 
that with many plants, with only one marked exception, namely 
that of Cyclamen, the root-hairs arise exclusively from cells in 
which granular matter has not been deposited after the action of 
certain solutions. This relation between the presence of hairs 
and the contents of the cells cannot be accounted for by matter, 
whi(!h w'ould have been deposited if the roots had been subjected 
to a proper solution, having been consumed in the formation of 
the hairs ; and this notion is wholly inapplicable to the cases 
described by Pfeifer. May we believe that cells filled with effete 
matter become unfitted for absorbing or transmitting water with 
the necessary salts, and do not therefore develop root-hairs ? 
Or is the absence of hairs from the cells which contain the de- 
posited matter due merely to the advantage which is commonly 
derived from a phj^iological division of labour ? This and many 
other questions about the cells, in which granules or larger 
masses of translueont matter are deposited after certain solutions 
have been absorbed, cannot at ])rcsent be answered. But I hope 
that some one better fitted than I am, from possessing much 
more chemical and histological knowledge, may bo induced to 
investigate the whole subject. 

* ‘Arbciten dos botan. Institiils iu Wiirsburg,’ Band i. p. 79. 



